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1,  Field  strcnt-th  moasurementa  on  the  .tronsHissiona 
from  the  Thule  bciclc-scattor  somader . 

Tlie  field  intensity  monitoring  equipment  used  for  this 
experiment  arrived  in  Deeuiiber,  I960,  this  equipment  was  originally 
designed  for  tho  study  of  poliu:  blackouts,  and  has  beon  fully  descri^bed 
by  D.3.  Pratt,  Part  cf  the  equipment  was  lost  in  shipment,  aiod  part 
was  damaged,  requiring  some  modification  and  improvisation  before  being 
put  into  operation.  Hoi;cver,  tlio  basic  layout  vras  unchanged,  consisting 
in  three  element  Yagi  aerials  feeding  Collins  R390  A  receivers,  tho 
logarithmic  outputs  from  v/liich  wore  i-ucurdud  on  u  lioneyv/ell  Vioicordor. 
The  12,  18,  and  30  lic/s.  Yagi  aerials  were  mounted  on  a  53  foot  aluminium 
tower  constructed  from  'Dexion'  slotted  angle.  These  aerials  wore 
directed  11°  W.  tov/ards  Thule;  as  tho  bearing  of  Fairbanks  is  only  a  few 
degrees  av/ay  from  that  of  Thule  it  \;as  possible  to  use  the  sasse  set  of 
aerials  in  order  to  attempt  the  roceptien  of  aign.il.s  from  the  latter 
station. 


Pi’clirain  o'y  raca-suroraonts  vrcre  started  on  18th  February,  1961, 
in  order  to  assess  bl;o  usefulness  of  tho  various  Thule  and  Fairbanks 
chuinols.  The  results  of  these  aaisuremcnfcs  showed  that  severe  inter- 
forence  occurred  on  the  twelve  and  eighteen  tic/s.  cliannols  of  both 
stations,  no  interference  was  experienced  on  the  thirty  Mc/s,  channels. 
Signals  from  the  Tirctic  sourders  were  observed  on  one  channel  only,  the 
eighteen  i!c/n.  Thule  transmission.  During  the  period  9th  through  19th 
March  frequencies  idjaccnt  to  the  12.8595  Mc/s,  and  17.695  Mc/s,  Thule 
froquoncie  s  were  monitored  in  a-der  to  find  intorferenco  free  cJaannols 
in  case  a  ciungc  ou  tho  so'ondcr  frequencies  might  bo  possible,  it  later 
transpired  that  such  a  change  could  not  bo  made. 

Regular  monitoring  of  the  17.695  Mc/s.  transmissicn  stated  on 
20th  March,  1961,  and  has  continued  fairly  coistinuously  througlxiut  the 
year.  The  results  of  these  observations  arc  shown  in  Fig,  1  in  the 
fora  of  moan  diurnal  variations  in  signal  strength  for  each  month, 

April  through  October,  1961.  Between  September  4bh  and  November  22nd 


the  30.600  Mc/s.  Thule  channel  was  monitored,  but  although  the  noise 
level  was  ]e  ss  than  1  uV.  no  signals  were  oba  erved.  Signals  on  the 
11.8595  Mc/s.  Thule  frequency  have  been  observed  oh  two  occasions  only 
during  a  period  of  six  months. 

1,1  Conclusions  from  field  strenirth  meaauremonts. 

(a)  Between  the  hours  of  O6OO  and  0100  G.M.T.,  April  through 
August,  the  strength  at  Accra  of  the  17.695  Mc/s.  signals  from  Thule  is 
normally  greater  than  1  uV.  Moan  diurnal  variations  in  signal  intensity 
for  the  months  April  through  October  1961  arc  given  in  Fig.  1, 

(b)  The  Intensity  of  interfering  signals  on  the  twelve  Mc/s. 
channels  has  caused  monitoring  on  this  frequency  to  be  vmrewarding, 
signals  from  Thule  having  been  observed  on  two  occasions  only. 

(c)  The  strength  at  Accra  of  tiiirty  lic/s.  signals  from  Thule  is 
normally  below  one  microvolt  at  all  tkies, 

(d)  The  intensity  of  interfering  signals  on  all  cliaiuiels  other  than 
thirty  Mo/s.  lias  caused  the  number  of  obsorvationc  possible  to  be  insuf¬ 
ficient  for  a  detailed  analysis  to  be  made. 


2.  Measurements  on  the  16.570  Mc/s.  pulsed  tranonu-ssions  from  Freiburg. 

The  oquipraent  for  recording  pulse;  delays  was  described  fully  in 
Status  Report  ho.  1.  It  consists  of  a  stable  crystal  oscillator, 
frequency  divider,  and  time  base  to  provide  a  stable  time  reference,  and 
a  pulse  receiver,  cathode  ray  tube  displcy  and  photographic  recorder,  a 
block  diagram  of  tho  equipment  is  shewn  in  Fig.  2. 

Initial  difficulties  wore  experienced  vdth  the  350  Kc/s. 
reference  ciystal  provided  by  tho  lonospliarcn  Inotitut,  Broisach,  as 
It  did  not  provide  the  required  frequency  stability.  In  June,  1961, 
Freiburg  changod  to  a  100  Rc/s.  crystal  of  liigh  stability.  Those 
transmissions  were  recorded  at  Accra  using  a  100  Kc/s.  oscillator  which 
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v;as  a.vailablc  on  loan  in  Accra,  arid  a  3uitablo?:_.niodl£io^d  diyidcr  circuit.  - 
TliG  records  obtained  in  this  iiianner  v/dre  found  to  bp  extremely  coraplox 
in  nature,  the  exLstonce  of  as  many  as  ton  siraultcinGOus  mbdcs^^i^  an 
inmediate  analysis  of  tho  recoitls  impossible  j  a  reproduction  of  one  of 
these  records  with  the  delay  scale  much  expanded  is  shoim  in  Fig,  3* 

These  recordings  were  continued  in  tho  hope  that  the  lovnsr  M.U.F.s 
associated  with  winter  conditions  in  the  northern  hemiophoro  would  decrease 
the  imibor  of  simultaneous  raodcs  of  propagation  sufficiently  to  enable  an 
idontification  of  those  remaining  to  be;  made.  By  tho  end  of  September  a 
simplification  in  the  records  was  becoming  apparent,  but  at  tliis  time  tho 
100  Kc/s.  crystal  h*d  to  bo  uncxpe-obcdly  returned  before  the  oscillator 
being  constructed  in  the  Physics  Departraent  was  completed. 

The  oscillator  under  constinictia’i  uses  a  +5^  X  cut  crystal  in  a 
Lenperature  stabilisal  oven  at  45^0.  Tht;  use  of  tJie  comparatively  low 
operating  temper c.turc  of  45°C  taJeos  advantage  of  the  turn-over  point  in 
tho  froquoncy-tempM’abm'o  cluractmdstic  of  the  crystal  to  reduce  the 
effect  of  tcr.iporaturc  fluctuations,  asd  also  reduces  tho  rate  of  frequency 
drift  caused  by  aging.  The  temperature  stabilising  circuit  for  the  oven 
nal:cs  uoo  of  tho  dcpondonco  on  temperature  of  tlic  collector  current  of  a 
transistor  in  tin.-  common  base  configuration.  Circuit  diajgrams  of  tho 
1CX3  Kc/a.  oscillator,  tomperaburo  control  unit,  and  frequency  divider  arc 
shovm  in  Figs.  4,  6  ;uid  7.  TI'k-  benporaturo  caitrol  circuit  was 

developed  from  a  circuit  publislxd  by  Pallet  (19ol),  and  the  oscillator 
from  a  circuit  by  Fairv/o-a thcr  aixl  Ricliords,  The  entire  tomporaturo 
control  circuit  \d.th  the  oxccotion  of  tli  final  po.icr  transistor  control¬ 
ling  tho  current  to  tho  heater  winding.  Is  enclosed  in  Lho  constant 
tcaperature  oven.  After  aging  tho  oscillator  should  have  a  stability  of 
the  order  of  tv/o  parts  in  10^  per  day. 

In  order  bo  assist  the  analysis  of  dcLay  records,  tlae  relative 
delays  for  vaidous  mcdcs  of  prop'igatiaa  ever  tlie  Fi'oiburg-Accra  path  have 
been  calculated  for  tho  simple  case  of  spoculcu'  reflection  from  E  aid  F 
layers  of  uniform  height.  Figs.  C,  9,  10  and  11  shw  relative  delay  and 
angle  of  arrival  for  various  F,  F  F,  and  F  +  2E  vaodcs. 


FI6.S  delay  -  TIME  RECORD  F  RE  I EURG— A  CCR  A  ,  »/776l 


FIG.  4  CIRCUIT  DIAGRAM  OF  SERIES  -  RESONANT  lOOKc/t.  CRYSTAL  OSCILLATOR. 


aiO)(.9o 


FIQ.  5  TEMPERATURE-SENSITIVE  AMPLIFIER  FOR  OVEN  CONTROL. 


FIO.  S  POWER  SUPPLY  FOR  TEM  PERaYuRE  -  SENSITIVE  AMPLIFIER. 
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FIG.  7  CONTINUED 


hf  Km. 


FI6.9  DEUAY  V  REFLECTION  MEIOHT  FOR  FREtftURG -ACCRA  (l6*OtW} 


naJO  AN6UI  OP  ARRIVAL  V.  RCPLBCTION  HEIGHT  FOR  FREItURG-ACCRA 
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3 .  Measurements  on  20  Mc/s.  WJV. 

During  the  months  of  T4iy,  June,  July,  and.  August,  1961, 
recordings  of  the  signal  strength 'of  the  20  Mc/s.  transmissions  from 
the  WWV  tranoraittur  in  'Washington  v/ere  made  at  Accra  for  the  purpoao 
of  comparison  vjith  bhe  Thule  measurements.  The  cquipm  nit  u.scd 
consistod  of  a  half  wave  dipole  aerial  1.5  vravclcngths  above  the 
ground  feeding  a  norrou  bandwidth  receiver,  the  logaritlimic  carrier 
level  output  of  v/'vieli  w.as  Tvioordcd  on  an  Easter  line  Angus  pen  recorder. 

Fig.  12  shovrs  the  monthly  moan  diurnal  vari.ations  in  signal 
strength  for  the  four  months,  exprcs.scd  in  terns  of  db.  above  one 
microvolt . 


4.  Dack-scottor. 

It  v/as  originally  intended  tint  back-ocattor  soundings  should 
bo  niodo  using  an  I.C.Y.  type  bv;!: -scatter  sounder  to  be  provided  by  the 
J.i.A.F.,  it  later  appe.arcd  tint  an  I.G.Y.  sounder  v/as  not  available. 
Tov/ards  the  end  of  the  p.riod  covc.rcd  tfe'  tliis  report  a  prototype 
Raytheon  Coal  aiundcr  hocanc  available.  This  consist.s  of  a  transmitter 
tunable  to  .'jiy  one  of  six  crystal  controlled  channels,  pulse  modulator, 
receiver,  duple'Xi.r,  and  an  A  sccua  display  unit.  The  transmitter  poalc 
power  is  about  1  Kw.,  and  th<.  pulse-  duration  is  variable  from  0.5  to 
2,5  mS,  Seme  initiii  difficulties  wero  expa’if'.noed  with  tlxLs  equipment 
owing  to  the  fact  that  nc;  crystals  wore  shipp.d  with  tho  equipment,  and 
no  circuit  diagram  of  the  transmit ic-r  was  provided. 

It  is  intended  bo  use  tho  back-scattcr  sou;-rior  in  order  to 
investigate  irrogulariti-.  s  in  F  iv.gion,  and,  if  the  limited  resolution 
of  the  oquipm;;nt  permits,  the  b  region.  In  order  to  r.icJcc  some  assess- 
mont  of  tho  nensibivity  of  the  (  (luip'mcnt  and  tho  feasibility  of  its 
use  in  observing  dirv/ct  back-3c,attor  from  F  region  ir rcguliritios,  the 
equipment  was  initially  operated  v;ith  an  eighteen  Mc/s,  three  element 
Yagi  aerial  directed  vertically  upv/ard;;.  It  vns  nobc;d  that  dui’ing  tho 
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FIG.  12  MONTHLY  MEAN  DIURNAL  VARIATION  OF  STRENGTH  OF 
20  Me/s.  WWV.  SIGNALS  AT  ACCRA. 


proacncc  of  spread  P,  vjealc  echoes  v/erc:  roccived  £rm  hcijjhta 
corresponding  to  the  P  region  hoights  recorded  tit  lovror  frequencios 
by  a  standard  ionooondo.  It  v;as  further  noted  tliat  during  the  presence 
of  Qxt.ra  severe  radio  star  sciiitillatiai  (Kostor;,  195^)  >  onhuicod 
echoes  wore  observed  on  the  eighteen  Mc/s.  back -scatter  frequency.  The 
range  of  those  echoes  vjas  observed  to  decrease  from  BOO  Km.  to  200  Km. 
during  a  period  of  about  tvrenty  minutes.  A  possible  cxplamtion  of 
this  phenomenon  is  that  the  echoes  originate  from  a  drifting  cloud  of 
intensely  disturbed  ionisation.  In  order  to  iuvostigatc  this  phenomenon 
moro  closelyj  and  to  provide  a  versatile  tool  for  further  experiment,  a 
fully  steerable  eighteen  Hc/s.  aerial  system  is  being  constructed.  This 
aoi’lal  is  callable  of  being  rotated  both  in  azimuth  and  in  cdovation,  and 
is  arrang  d  to  'Ivo  either  horizon '^al  or  vertical  polarisation  [,o  the 
exploring  wave.  Reraote  control  of  tlK  aerial  is  achieved  by  i, loans  of 
transistorisi  d  jorvo-conLr>>l  cii'cuibs,  and  iirovisior.  is  mode  for 
automatic  operaticii  in  the  form  cS  continuous  suci  p  of  azir.iuth.  -i.nd/or 
elevation.  Malificn Liens  arc  lioLn'^  made  he  hhc  fiozi  scander  in  o’dcr  to 
improve  the  range  I'l.soluhion  of  htls  .rpiipmcnt,  in  particular,  provision 
is  being  made,  for  tin.  supprension  /f  Mie  ground  puls.,  at  the  rocoiver  in 
order  to  enable  shorter  delay.'  h<..  .x;  i.ie.asurod, 

5 ,  Investif-ahion  <;i  : ^i isi.-h  rr.dlin-.  <.:ffecb . 

The  principal  object  of  this  (.txpci’ii.ieiit  vias  to  in'/estigato  the 
rapid  flutter  type  of  f.'.ding  coi.imoa  at  oqaatori.al  locations,  dontinuous 
data  over  an  extend. d  p'Tiod  of  hiiie  is  required  for  the  ourposc;  of 
determining  the  diurnal  -and  annu.i.l.  variations  of  this  fading,  .aid 
correlatinj,;  this  effe-ct  vritli  c.tli(;r  eijuatorial  ionospheric  phenomena. 

Throughout  the  pi ricxl  of  the  investigrtioa  the  .ilgu.il  used  was 
the  D.B.C.  br.onsmission  to  ’-/esb  jUi-ica  on  15.0?  Ac/s.  Signals  wore 
received  on  a  sirapli  folded  dipole  suspeialed  5.5  metres  above  t'ac  ground. 
The  reccj.vor  'was  a  Collins  Uj‘J0  A  slightly  modified  to  ;,ivo  .an  /l.G.C. 
tine  constant  of  10  seconds.  The  I.F.  output  of  tiie  receiver  -.'as  used 
to  operate  a  fade  rate  motor  of  the  typo  doscribed  by  Harding,  Jansen 
and  Koch,  vi-a  a  single  stage  aiiplificr.  The  A.G.G.  voltage  of  the 
receiver,  suitably  amplified,  was  also  recorded  to  give  a  nca':iure  of 


aignal  .strength  on  n,  convcuiun/tly  logariblimic  scin'l.o.  Both  oignal 
otrongth  ancl  f  ueling  XMitc  ^rorc  i-ocoixlod  cori  tlnuouoly  at  3  InGhofi  per 
liour  on  ail  Everyh-gcl  and  Vignolen  twin  atrip  dart  recorder.  The  wo 
equipiaonts  v/erc  calib7.‘atod  daily. 

Expcriinont  showed  tbiit  vmcnover  the  signal  strength  dropped 
to  a  level  of  about  20  db,  above  one  microvolt  at  thcrcceivor  input, 
the  fading  rate  meter  began  to  record  spurious  counts  duo  to  the 
general  bac]cground  noise.  Kcnce  in  the  later  analysis  all  fading  rate 
records  were  rejected  for  occasions  when  the  signal  voltage  at  the 
receiver  input  dropped  to  less  tlian  30  db.  relative  to  one  microvolt. 
Tills  rarely  occurred  except  in  the  early  ;.iorning  hours  by  vhiich  time 
flutter  fading  has  usually  disappeared.  From  tlr  remaining  recordo 
values  of  th<-.  f.iding  rate  were;  tabulated  for  each  twenty  minute  inter¬ 
val.  It  \/a3  also  desired  to  fix  a  unit  of  'total  amount  of  fading' 
for  each  night.  This  v/as  defined  ,.s  t.ho  total  area  mder  the  fading 
rate  v.  time  cm’vo,  and  iras  measured  in  practice  by  talcing  the  sum  of 
the  twenty  minute  fedin;,  rate  v.lu.  s  for  the  entire  night, 

5.1  Flcsults  from  tlx-  Investigation  of  sunsi.:t  fading. 

The  rosul  '.s  ire  .Tama  .rlsed  in  I'iguros  13  -uid  14.  Pig.  13 
shows  the  total  araoant  of  fadi'e  j'or  each  day  i'rori  1st  !lay  tlirough 
3rd  i'Iovcnbi.r,  In  r.alciug  tlx  summations  of  hcui’ly  fading  rate  a, 

all  fading  rates  less  tl'.ar,  3  c/s.  ware  excluded  in  order  to  emphasise 
the  distribution  of  :)(,v(;ro  flutter  T  iding.  A  furtlmr  reason  for  the 
rojoction  of  lo'j  count  rates  ii.s  in  the  fact  that  r.iinor  instrumental 
fa.ults  can  give  a  spurious  count  i-atc  of  otic  or  two  couiits  per  second, 
wliich,  sui'.imcd  over  ..n  entire  night,  vrould  give  the  impression  of 
pronounced  flutter  fading,  vrhen  in  reality  there  was  little  or  none. 

It  in  clear  from  the  figure  that  fast  flutter  fading,  is  distinctly  an 
equinoctial  phenomenon,  thougjh  an  occasional  case  of  flutter  fading  raay 
occur  at  other  seasotis. 

Fig.  14  is  naiialy  inteiiilcd  to  shot'/  tin;  daily  variation,  but 
it  also  chows  the  seasonal  effect.  The  curves  shov/  the  mean  value  of 
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fading  rate  versus  tino  for  fortnightly  intervals  between  August 
8th  and  l^ovembcr  3rd.  The  curves  agree  well  in  showing  a  rapid 
rise  in  fading  rate  at  about  18. 30  G.M.T.J,  a  maxim™  at  19.30 
Q.ii.T.  to  20,30  Ct.M.T.,  and  then  a  slow  nearly  exponential  fall. 
Fading  rate  v/as  normally  very  near  to  aero  by  midnight  on  almost 
all  days.  Ho  'suiirise'  fading  effect  vras  observed.  All  the 
curves  show  a  marked  rise  in  the  fading  rate  for  the  tvro  points 
at  22,15  and  22.45  G..i.T.  Thin  is  not  a  genuine  ionosphta'lc 
effect.  It  is  evident  from  the  signal  strength  records  that  the 
received  .signal  strength  drooped  abruptly  at  approximately 
22.10  G.i'i.T.,  avi  rose  again  about  forty  minutes  later.  The  final 
explsaoation  is  not  certain,  but  it  would  a  nxiar  that  the  R.O.C. 
transmission  being  used  for  this  investigation  was  svritched  to  a 
different  .aeri,.il  during  this  interval,  probably  bearing  thu 
signal  in  a  different  direction,  or  at  a  different  take  off  Oi'igle. 


The  oorrclition  of  fading  rate  vath  radio  star  scintilla¬ 
tion,  S;r(..ad  F  and  other  geopb/sical  phonomcn.3.  still  remains  to  be 
done . 

6  •  An  it'vcatie'aticn  of  irromularities  in  the  night 
time  efiu'.tr  vi.al  F  rei^.ion. 

This  experiment;  ccsaducted  at  Legou  by  Dr.  J.R.  uostcr, 
of  the  'Iiiiversity  of  Gha:va,  and  Dr.  Q.d.  Kent,  of  the  University 
Collo'go,  Ibadcui,  hm',  boon  f'.Ally  reported  in  the  form  of  Technical 
Note  (Kent  and  lioster,  19&1).  The  purpose  of  the  experiment  was 
to  dctcri'.i.ne’  il!<.  height  of  the  Irrogulcvritiea  in  the  night  timo 
equatorial  /  region  vfiiich  give  rise  to  bhc  scintillation  of  satel- 
litci  signals.  The  results  ca’o  su.u.KUised  here  in  Table  1,  the 
approxir.iatc  position-s  of  the  ii'rogul'.o’itics  associabed  vjith  each 
observatJ.on  being  shovm  in  Fig.  15.  Ib  vfill  be  noted  that  the 
(■ffeebive  height  of  the  jr  rcgularith.'S  alvray-s  lies  hotwoen  50  lim. 
and  100  Km.  above  the  base  of  the  F  layer.  The  values  of  height 
may  be  cemperod  \;ith  the  results  Cohen  i.u\d  Bovrlcs  (1961)  vdio  found 
tliat  the  irregularities  v;hich  bhoy  observe  lie  at  or  near  the  base 
of  the  t  layer. 
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FIG.  10  GEOGRAPHICAL  DISTRIBUTION  OF  F  REGION 
IRREGULARITIES  INVESTIGATED. 
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Table  1 


No. 

Date 

U.T. 

Height 

of 

base  of 

F  layer 

Height  of 
irregularities 

1 

22/6/61 

22:01:03 

350  km. 

424  lea. 

O 

22/6/61 

22:02:01 

350 

401 

3 

23/6/61 

20:56:04 

360 

416 

4 

24/6/61 

21 r 27:02 

300 

402 

5 

24/6/61 

21:29:00 

396 

6 

21:30:06 

380 

7 

9/7/61 

02:33:54 

395 

8 

10/7/61 

01:22:30 

427 

9 

12/iM 

00:51:07 

260 

354 

10 

l?y7/6l 

00:52.07 

260 

314 

7 .  The  acgttorinp.  of  radio  v;avos  Tron  the  ionoophoro . 

During  the  pa’iod  cevurod  by  this  report  a  theoretical  study 
of  the  scattering  of  mediuja  frcrquoncy  I'ldio  ’.'aves  in  the  lov;cr  ionosphere 
was  conducted  b/  Professor  R.'.’.ll.  '•'right  iind  lir.  B.R.  Cloncahat  This 
study  has  bc-an  published  (Glcuonha  and 'iright,  1962)  and  uLll  be  further 
rf)  par  tod  in  the  form  of  a  Technical  ilotc.  The  investigation  demonstrates 
that  the  apparent  maxiiam.!  in  Idic  bvach-scuttcr  of  mt.diurii  wave  radio  signals 
which  occui's  at  heights  in  the  region  of  70  il.i.  (Gardner  and  Pawsoy,  1953)> 
does  not,  as  has  hitherto  been  ussur.icd,  require  the  postulation  of  a 
maximum  in  the  electron  density  or  the  intensity  of  irregularities  at  this 
height. 
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